Introduction
============

The Japanese Classification of the Colorectal Cancer, which was published by the Japanese Society for Cancer of the Colon and Rectum (JSCCR), defines the rectosigmoid as a segment of the large intestine between the sacral promontory and lower border of the second sacral vertebra\[[@B1]\]. It is not identical to the rectosigmoid junction that is coded as C-19 by the International Classification of Diseases for Oncology, 3rd edition. The Cancer Staging Manual of the American Joint Committee on Cancer and most clinical studies performed in Western countries treat rectosigmoid cancer as a colon cancer. On the other hand, the TNM classification of the Union for International Cancer Control defines the rectum as the distal large intestine commencing opposite the sacral promontory and ending at the upper border of the anal canal\[[@B2]\]. Thus, the transitional portion of the large intestine between the colon and the rectum is ill-defined worldwide, and the rectosigmoid may be said to have anatomical and oncological characteristics of both the colon and the rectum.

In recent years, the mortality of colorectal cancer (CRC) has decreased in economically developed countries due to increased CRC survival\[[@B3]\]. Steady improvement in CRC survival may be partly attributable to a standardization of surgical procedures. In rectal cancer surgery, total mesorectal excision has become a well-established standard procedure not only for local control but also for survival benefit\[[@B4]-[@B6]\]. However, one criticism of this procedure is that the total resection of the mesorectum is not always necessary for every rectal cancer, especially for those located in the upper rectum. In these cases, a major concern in surgery is the ideal length of the distal resection margin (l-DRM). The l-DRM is an important factor that regulates both the elimination of lymph node metastasis in the mesorectum and distal intramural spread (DIS) in the intestinal wall. Up to the prior version of the Japanese classification of CRC\[[@B1]\], the distal para-rectal regional nodes of the rectosigmoid were defined as those within 6 cm of the mesorectum from the distal tumor edge. This definition was changed to 3 cm in the latest revision without sufficient verification\[[@B7]\]. Under these circumstances, this present study was conducted to clarify the validity of the 3-cm l-DRM rule for rectosigmoid cancer surgery.

Methods
=======

Patients
--------

We obtained the data from the database of the JSCCR that maintains a hospital-based nationwide registration system of CRC in Japan. The registry has been prospectively collecting detailed clinical and pathological information on CRC and follow-up data each year in accordance with the Japanese classification of CRC since 1980. The database currently contains information on more than 180,000 CRC patients treated in academic institutes or community hospitals between 1974 and 2007. It accounted for approximately 8%-10% of the CRC incidence in Japan. However, the database does not contain information on the short-term surgical outcomes. Furthermore, the disease recurrence and the cause of death were not always documented. Therefore, we were unable to accurately evaluate cancer-specific, disease-free, or relapse-free survival.

This present study used the data of 1,443 patients with cT3 and cT4 rectosigmoid cancer that were extracted from a total of 52,126 CRC patients who underwent R0 resection between 1995 and 2004. Patients were excluded from the analysis based on the following characteristics: cancer sites other than the rectosigmoid (n = 45,890), unknown age (n = 36), multiple primary cancers and/or multiple CRCs (n = 826), l-DRM greater than 20 cm or unknown l-DRM (n = 1,272), length of the proximal resection margin (l-PRM) greater than 100 cm or unknown l-PRM (n = 71), cTis or cT1 or cT2 or cTX (n = 624), cStage IV or cStage X (n = 649), histology other than adenocarcinoma or unknown histology (n = 26), resection other than R0 or positive circumferential resection margin (n = 287), tumor diameter of 50 cm or larger (n = 14), other than the anterior resection (n = 263), and unknown follow-up information (n = 725).

The following clinical and pathological variables other than the l-DRM were included in this study: year of surgery, sex, age, preoperative carcinoembryonic antigen (CEA) level, tumor size, histology, cN classification, number of harvested lymph node, and adjuvant chemotherapy.　The cutoff point of age was determined by the median value, that of preoperative serum CEA level was determined by each institute, and that of tumor size and l-PRM were determined using receiver operating characteristic curve analysis based on their own cohorts. Measurements of the l-PRM and l-DRM were performed intracorporeally according to the method at each institution by surgeons. The number of harvested lymph nodes did not include lateral lymph nodes. The clinical and pathological stages were classified according to the 8th edition of the TNM classification system\[[@B8]\].

Statistical analysis
--------------------

The effects of the clinical and pathological findings explored in this study on the overall survival (OS) rate were examined using the univariate logistic regression model. To identify the optimal cutoff point of the l-DRM affecting the OS rate, we used a multivariate Cox regression analysis model and an Akaike information criterion (AIC) value. Using this cutoff point, patients were divided into two groups after adjusting the potential biases affecting the OS rate using the propensity score of a 1:1 nearest neighbor matching with a caliper of 0.01. The actual OS rates of the propensity score-matched pairs were examined using the Kaplan-Meier method and the log-rank test. The statistical analysis was performed using JMP 13 software (SAS Institute, Inc., Cary, NC, USA). Statistical significance was established at P \< 0.05 for all results.

Ethical statement
-----------------

Ethics approval with the provisions of the Declaration of Helsinki was obtained from the JSCCR\'s Institutional Review Board (No.90-2).

Results
=======

The mean and median l-DRM were 4.8 ± 0.6 and 4.5 (range, 2.5-20.0) cm, respectively. The median follow-up time was 72 (range, 1 to 123) months. The distribution of the l-DRM is shown in [Figure 1](#g001){ref-type="fig"}. [Table 1](#t001){ref-type="table"} shows the characteristics and OS rates of patients with cT3 and cT4 rectosigmoid cancer according to their clinical and pathological findings. The patient population included 834 (57.8%) males and 609 (42.2%) females, with a mean age of 63.1 ± 11.1 years. The results of the univariate analysis of the variables expected to influence the OS rate are also presented in [Table 1](#t001){ref-type="table"}. Age group ≥ 63 years old (hazard ratio \[HR\], 1.37; 95% confidence interval \[CI\], 1.04-1.81; P = 0.0229), preoperative serum CEA level ≥ the cutoff point (HR, 1.64, 95% CI, 1.23-2.17; P = 0.0006), l-DRM \< 2 cm (HR, 2.08; 95% CI, 1.30-3.16; P = 0.0031), l-DRM \< 3 cm (HR, 1.40; 95% CI, 1.01-1.92; P = 0.0433), l-DRM \< 4 cm (HR, 1.33; 95% CI, 1.01-1.76; P = 0.0407), moderately differentiated adenocarcinoma (tub 2), poorly differentiated adenocarcinoma (por), mucinous adenocarcinoma and signet-ring cell carcinoma (HR, 1.39; 95% CI, 1.05-1.85; P = 0.0200), positive cN (HR, 1.57; 95% CI, 1.18-2.12; P = 0.0018), and number of harvested lymph nodes \< 12 (HR, 1.38; 95% CI, 1.03-1.84; P = 0.0304) were the factors that significantly influenced the OS rates of the patients with cT3 and cT4 rectosigmoid cancer.

![Distribution of the length of the distal resection margin among rectosigmoid cancer patients.\
*l-DRM* length of the distal resection margin.](2432-3853-4-0059-g001){#g001}

###### 

Overall Survival Rate of Patients Who Underwent Curative Surgery for cT3 or cT4 Rectosigmoid Cancer According to Clinical and Pathological Findings in the Entire Cohort.

  Prognostic factors                     N (%)                              OS          HR         95% CI      P
  -------------------------------------- ---------------------------------- ----------- ---------- ----------- --------
  Year of surgery                                                                                              
  1995-1999/2000-2004                    593 (41.1)/850 (58.9)              82.3/85.5   1.23/ref   0.94-1.62   0.12
  Sex                                                                                                          
  Male/Female                            834 (57.8)/609 (42.2)              82.9/85.9   1.23/ref   0.93-1.64   0.13
  Age group (years)                                                                                            
  \<63/≥63                               677 (46.9)/766 (53.1)              86.5/82.0   ref/1.37   1.04-1.81   0.0229
  Preoperative serum CEA level                                                                                 
  \<cutoff value/≥cutoff value/Missing   812 (56.3)/503 (34.9)/128 (8.8)    86.6/78.9   ref/1.64   1.23-2.17   0.0006
  Tumor size (cm)                                                                                              
  \<3.6/≥3.6/Missing                     300 (20.8)/1031 (71.4)/112 (7.8)   85.8/83.8   ref/1.16   0.82-1.67   0.38
  l-PRM (cm)                                                                                                   
  \<10/≥10                               506 (35.0)/937 (65.0)              84.5/84.0   ref/1.06   0.80-1.42   0.64
  l-DRM (cm)                                                                                                   
  \<2/≥2                                 82 (5.7)/1361 (94.3)               71.4/84.9   2.08/ref   1.30-3.16   0.0031
  \<3/≥3                                 255 (17.7)/1188 (82.3)             79.4/85.2   1.40/ref   1.01-1.92   0.0433
  \<4/≥4                                 497 (34.4)/946 (65.6)              81.1/85.8   1.33/ref   1.01-1.76   0.0407
  \<5/≥5                                 761 (52.7)/682 (47.3)              84.0/84.4   1.01/ref   0.77-1.33   0.91
  \<6/≥6                                 1021 (70.8)/422 (29.2)             83.9/84.9   1.06/ref   0.79-1.45   0.66
  \<7/≥7                                 1218 (84.4)/225 (15.6)             84.6/81.6   ref/1.20   0.83-1.69   0.29
  Histology                                                                                                    
  tub1/tub2,por,muc,sig                  620 (43.0)/823 (57.0)              86.7/82.3   ref/1.39   1.05-1.85   0.0200
  cN-classification                                                                                            
  negative/positive                      592 (41.0)/851 (59.0)              87.9/81.6   ref/1.57   1.18-2.12   0.0018
  Number of harvested lymph nodes                                                                              
  \<12/≥12/Missing                       459 (31.8)/850 (58.9)/134 (9.3)    81.2/86.4   1.38/ref   1.03-1.84   0.0304
  Adjuvant chemotherapy                                                                                        
  absent/present/Missing                 692 (48.0)/587 (40.7)/164 (11.3)   85.4/82.8   ref/1.16   0.87-1.54   0.30

*N*, number; *OS*, overall survival; *HR*, hazard ratio; *CI*, confidence interval; *CEA*, carcinoembryonic antigen; *l-PRM*, length-proximal resection margin; *l-DRM*, length-distal resection margin; *tub1*, well-differentiated adenocarcinoma; *tub2*, moderately differentiated adenocarcinoma; *por*, poorly differentiated adenocarcinoma; *muc*, mucinous adenocarcinoma; *sig*, signet-ring cell carcinoma; *cN*, clinical lymph node

Using the multivariate Cox regression analysis model and the AIC value, l-DRM of 4 cm was selected as the most appropriate cutoff point (HR, 1.37; 95% CI, 1.00-1.84; P = 0.0452; AIC 2404.62, [Table 2](#t002){ref-type="table"}). In the entire cohort, distribution of the patient\'s characteristics between the l-DRM \< 4 cm and l-DRM ≥ 4 cm groups did not differ in terms of years of surgery, sex, age group, preoperative serum CEA level, tumor size, histology, and adjuvant chemotherapy ([Table 3](#t003){ref-type="table"} left column). On the other hand, distribution of l-PRM, cN classification, and number of harvested lymph nodes differed between the two groups. To eliminate these biases, the two groups were compared using a propensity score matching method. Even after the matching, however, the number of harvested lymph nodes was still larger in the l-DRM ≥ 4 cm group (P = 0.0037) ([Table 3](#t003){ref-type="table"} right column). In the matched cohort, the 5-year OS rate of the patients who had l-DRM \< 4 cm was significantly lower than that of the patients who had l-DRM ≥ 4 cm (5-year OS, 80.3 vs. 87.6%; P = 0.0136; HR, 1.60; 95% CI, 1.09-2.31) ([Figure 2](#g002){ref-type="fig"}).

###### 

Statistical Analysis of Cutoff Points for Overall Survival Rate after Adjusting Multivariate Cox Proportional Hazard Analysis for Multiple Cofounders.

  l-DRM (cm)   Adjusted HR   95%C.I.     P        AIC
  ------------ ------------- ----------- -------- ---------
  \<2/≥2       1.64/ref      0.92-2.70   0.08     2405.72
  \<3/≥3       1.31/ref      0.90-1.86   0.15     2406.58
  \<4/≥4       1.37/ref      1.00-1.84   0.0452   2404.62
  \<5/≥5       1.06/ref      0.78-1.43   0.68     2408.47
  \<6/≥6       1.21/ref      0.86-1.71   0.27     2407.43
  \<7/≥7       ref/1.14      0.75-1.67   0.52     2408.23

*l-DRM*, length-distal resection margin; *HR*, hazard ratio; *CI*, confidence interval; *AIC*, Akaike's information criterion

###### 

Characteristics of Patients Who Underwent Curative Surgery for cT3 or cT4 Rectosigmoid Cancer According to Surgical Distal Resection Margin in the Propensity Score-Matched Cohort.

                                    Entire cohort   Matched cohort                                        
  --------------------------------- --------------- ---------------- ---------- ------------ ------------ --------
  Year of surgery                                                                                         
  1995-1999                         198 (39.8)      395 (41.7)       0.48       175 (43.5)   155 (38.6)   0.15
  2000-2004                         299 (60.2)      551 (58.3)                  227 (56.5)   247 (61.4)   
  Sex                                                                                                     
  Male                              284 (57.1)      550 (58.1)       0.71       226 (56.2)   244 (60.7)   0.20
  Female                            213 (42.9)      396 (41.9)                  176 (43.8)   158 (39.3)   
  Age group (years)                                                                                       
  \<63                              235 (47.3)      442 (46.7)       0.83       187 (46.5)   180 (44.8)   0.62
  ≥63                               262 (52.7)      504 (53.3)                  215 (53.5)   222 (55.2)   
  Preoperative serum CEA level                                                                            
  \<cutoff value                    293 (59.0)      519 (54.9)       0.09       257 (63.9)   257 (63.9)   1.0
  ≥cutoff value                     155 (31.2)      348 (36.8)                  145 (36.1)   145 (36.1)   
  Missing                           49 (9.8)        79 (8.3)                                              
  Tumor size (cm)                                                                                         
  \<3.6                             103 (20.7)      197 (20.8)       0.15       91 (22.6)    91 (22.6)    1.0
  ≥3.6                              346 (69.6)      685 (72.4)                  311 (77.4)   311 (77.4)   
  Missing                           48 (9.7)        64 (6.8)                                              
  l-PRM (cm)                                                                                              
  \<10                              214 (43.1)      292 (30.9)       \<0.0001   161 (40.0)   161 (40.0)   1.0
  ≥10                               283 (56.9)      654 (69.1)                  241 (60.0)   241 (60.0)   
  Histology                                                                                               
  tub1                              209 (42.1)      411 (43.4)       0.61       172 (42.8)   184 (45.8)   0.39
  tub2, por, muc, sig               288 (57.9)      535 (56.6)                  230 (57.2)   218 (54.2)   
  cN-classification                                                                                       
  negative                          226 (45.5)      366 (38.7)       0.013      178 (44.3)   178 (44.3)   1.0
  positive                          271 (54.5)      580 (61.3)                  224 (55.7)   224 (55.7)   
  Number of harvested lymph nodes                                                                         
  \<12                              197 (39.6)      262 (27.7)       \<0.0001   157 (39.1)   120 (29.9)   0.0037
  ≥12                               261 (52.5)      589 (62.3)                  216 (53.7)   232 (57.7)   
  Missing                           39 (7.9)        95 (10.0)                   29 (7.2)     50 (12.4)    
  Adjuvant chemotherapy                                                                                   
  absent                            244 (49.1)      448 (47.4)       0.72       210 (52.2)   203 (50.5)   0.34
  present                           195 (39.2)      392 (41.4)                  161 (40.1)   156 (38.8)   
  missing                           58 (11.7)       106 (11.2)                  31 (7.7)     43 (10.7)    

*N*, number; *OS*, overall survival; *HR*, hazard ratio; *CI*, confidence interval; *CEA*, carcinoembryonic antigen; *l-PRM*, length-proximal resection margin; *l-DRM*, length-distal resection margin; *tub1*, well-differentiated adenocarcinoma; *tub2*, moderately differentiated adenocarcinoma; *por*, poorly differentiated adenocarcinoma; *muc*, mucinous adenocarcinoma; *sig*, signet-ring cell carcinoma; *cN*, clinical lymph node

![Overall survival for patients with cT3 or cT4 rectosigmoid cancer according to the length of the distal resection margin in the propensity score-matched cohort.\
*N* number of patients, *HR* hazard ratio, *CI* confidence interval, *l-DRM* length of the distal resection margin, *ref* reference](2432-3853-4-0059-g002){#g002}

Discussion
==========

The results of this present study using a Japanese large-scale multi-institutional CRC database reveal that the 5-year OS rate of patients who had l-DRM ≥ 4 cm was significantly higher than that of patients who had l-DRM \< 4 cm. This result indicates that l-DRM \< 4 cm might be insufficient in cT3 and cT4 rectosigmoid cancer for curative intent surgery.

In 1951, Goligher et al. proposed that l-DRM of 5 cm was necessary to secure cancer-free margins in rectal cancer\[[@B9]\]. In 1954, Grinnell supported this 5-cm l-DRM rule based on pathological proof, including the presence of DIS in the intestinal wall 4 cm from the tumor distal edge. He examined 18 rectal cancers located 5-18 cm from the dentate line and reported the presence of DIS up to 4 cm from the tumor distal edge\[[@B10]\]. Thereafter, several studies supporting this 5-cm l-DRM rule were reported\[[@B11],[@B12]\]. However, subsequent studies showed that the survival rate of patients with rectal cancer with DIS did not improve even if a longer l-DRM was secured. DIS is usually accompanied by poorly differentiated cancer; in such patients, the disease cannot be treated by surgery. These cancers often rapidly spread to distant organs\[[@B13]-[@B15]\]. Therefore, in order to determine the appropriate l-DRM, it is essential to consider not only DIS in the intestinal wall but also the extent of lymph node metastasis and lymphovascular invasion in the mesorectum. While DIS almost never proceeded beyond 1 cm from the tumor edge, lymphovascular spread and/or lymph node metastasis in the mesorectum was not uncommon at a distance of 2 to 5 cm\[[@B4],[@B12],[@B16]-[@B20]\]. To improve the local control rate of patients with rectal cancer, the National Comprehensive Cancer Network (NCCN) guidelines recommend removing the mesorectum by 4-5 cm from the distal edge of the tumors. In distal rectal cancer, however, the NCCN guidelines admitted that a negative bowel margin of 1-2 cm, which must be confirmed to be tumor-free by frozen section, may be acceptable\[[@B21]\].

Several previous retrospective observational studies have reported that an extended l-DRM for CRC did not improve the rates of local recurrence or the OS rates\[[@B14],[@B22]-[@B36]\]. However, these studies assessed the entire study cohort without matching patient characteristics. Bernstein (2011) and colleagues reported that the survival and local recurrence rates of patients with longer l-DRM were equivalent to that of patients with shorter l-DRM. They concluded that this observation was due to a bias in patient selection; that is, patients with long l-DRM had more advanced T classification\[[@B37]\]. To eliminate these biases, we used propensity score matching. Nevertheless, in both entire cohort and matched cohort, the 5-year OS rate of patients who had l-DRM \< 4 cm was significantly lower than that of patients with l-DRM ≥ 4 cm ([Figure 2](#g002){ref-type="fig"}).

It is possible that the l-DRM measurement method influenced the results. Shrinkage occurs in the first 10 to 20 minutes after the specimen is resected, and the specimens further shrink in formalin fixation\[[@B16],[@B17],[@B38]-[@B40]\]. The l-DRM measurement of formalin-fixed specimens may affect the outcomes of this kind of retrospective observational study. This may be one of the reasons why in the previous reports, the OS rate did not differ between the patients who had longer and shorter l-DRM. Park and Kim suggested that fixed specimens may not be useful to determine the l-DRM for CRC surgery\[[@B40]\]. The JSCCR database records the l-DRM both during surgery and after formalin fixation. Since this present study used the l-DRM measured during surgery, the timing of measuring of the l-DRM was appropriate.

This study had several limitations. First, this was a retrospective observational study. While confounding factors related to l-DRM were excluded using the Cox regression analysis models and propensity score matching method, the effect of factors other than the confounding factors on the l-DRM could not be completely excluded. Despite eliminating the influence of confounding factors using the propensity score method, the number of dissected lymph nodes was still larger in patients who had l-DRM ≥ 4 cm than that of patients who had l-DRM \< 4 cm. This difference could have affected the OS rate. Additionally, because the l-DRM in this database represented that of the resected rectal wall, it did not always match the length of the resected mesorectum. However, since mesorectal resection was performed based on the blood supply to the remnant rectal stump, we believe the difference in lengths between the resected rectal wall and the mesorectum was minimal and hence they were almost the same. Additionally, a detailed method to measure bowel resection from the tumor edge in surgery was uncertain in this retrospective study. In addition, it was difficult for us to completely rule out the possibility of including only a small number of patients with sigmoid colon cancer in this study. Second, the study period was rather old. The adjuvant chemotherapy and chemotherapy for advanced CRC performed during the study period differ from those that are currently performed. In the present era, those advances in cancer treatment might affect the results of this study. Third, the database used in this study has poor information on recurrence; therefore, we were unable to consider local recurrence. Four, the strict data cleaning and matching resulted in a decreased number of cases used for the analysis. However, due to its severity, a highly accurate analysis was possible in this retrospective observational study.

In recent years, the recommended l-DRM in case of rectal cancer has been gradually shortened\[[@B21]-[@B36]\], while that for colon cancer remains 5 to 10 cm for the dissection of regional lymph nodes\[[@B11],[@B17],[@B40]-[@B44]\]. Our study of the l-DRM for rectosigmoid cancer using the JSCCR database suggested that an l-DRM \< 4 cm may be insufficient, although we were unable to definitely confirm the validity of the Japanese 3-cm l-DRM rule. To overcome the limitations of this study, further prospective studies with a unified measuring method of a resection margin and accurate information on recurrence are necessary to determine an ideal l-DRM for rectosigmoid cancer surgery.
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